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Technical Field of the Invention 

The present Invention Is in the field of fluorescent dyes comprising a triangulonc 
structure In the form of a ring system of six. sbc-rnembered rings fused in a triangular 
10 fashion. The dyes are useful for visualisation of chemical compounds including 
polymer matrices for e.g. chromatographic separation and isolation of desirable 
chemical moieties, and for chemical library synthesis. 

Background of the Invention 

15 

The term triangulene is the trivial name for the rather large and diverse class of 
compounds characterized by a ring system of six, slx-membered rings fused in a 
triangular fashion. The triangulenes can be regarded as build up by fusion of six 
rings or as triphenyl methane bridged in all ortho positions. In systematic naming. the 
20 ring system is a dlbenzopyiene comprising a cationlc moiety. 

Only a few triangutenlum salts have been reported In the literature. The compounds 
are reported to be stable carbenium ions. One example of a triangulenfum com- 
pound is 4 # 8.12-trioxa^ l 8,12 B 12<>tetrahydmdiben2o[fxJ.mn]pyi^nlum (B. W. Laur- 
25 sen. P. C. Krebs, M. F. Nielsen. K. Bechgaard, J. B. Christensen, M Harrit. 

J*Am.Chem.Soa 1998. 120 12255-12263; Laursen, B. W„ University of Copenha- 
gen/Rise National Laboratory. ISBN 87-550-2897-7. 2001; 
http://toww.risoe.dk/rispublW 

30 Triangutenlum clyes carrying diaikylamlno groups In positions 2,6, and 10 have re- 
cently been disclosed (Laursen, Ibid). Such compounds are different from triangu- 
lenfum compounds without electron donating substituents located in the para- 
posltion (I.e. positions 2, 6 and 10). The lowest electronic transition is characterised 
by a fully allowed charge transfer transition. The transition promotes a transfer of the 

t 35 electron density from the donating amino groups towards the catJonib center. 



The sharp, low^nergy absorption bands In the visible region display extinction coef- 
ficients above 1 x 10° WW am well separated form UV transitions. 

Summary of the Invention 

In one aspect of the Invention, the dyes are substituted triangulenium dyes de- 
scribed by the gene.*! structure In Figure 1, In which at least one of the functional 
groups allows the dye to be covalenflyettached to other molecules or particles. 

This type of dye display intense absorptions to visible region and fluoresces with 
high quantum efficiency. 

The fluorescent dye compounds according to the Invention are stable towards acid 
base, reductive conditions, oxidative conditions. Accordingly, the dye compounds 
can be used as fluorophores (labeb/lags) in assays operated under harsh chemical 
conditions. 

The flexible synthesis schemes allow Incorporation of one or more substituents op- 
tionally comprising a reactive group. At least one substituent comprising a reactive 
group is incorporated. 

The term 'reactive group" as used herein is a chemical group preferably selected 
from the group consisting of hydroxy, primary amine, secondary amine, carboxy 
acid chloride, sulfonyl chloride, sulphonate. nitre, cyano. Isothiocyanate, halogen 
phosphonyl. sulphonyl, sutfamyi. carbonyl. and-thlofyl, vinyl, acrylate. mettacryiate. 
acryiamide. methyl oxethane. ethyl oxethane. and ethylene oxide. 

The presence of two or more different reactive groups makes it possible for the dye 
compound to act simultaneously as a dye and as a linker capable of linking the dye 
compound to e.g. a beaded polymer or a biomoteeute. 



Definitions 



The term "hydride" denotes a single hydrogen atom (H). This hydrido radical may be 
attached, for example, to an oxygen atom to form a hydroxy! radical or two hydrido 
rad.cate may be attached to a carbon atom to form a methylene (-CH 2 -) radical. 

Where the term "alkyl" is used, *»her alone or within other terms such as "haloaDcyl" 
and "alkylsulfonyi-. It embraces linear or branched radicals having one to about 
twenty carbon atoms or. preferably, one to about twelve carbon atoms. Preferred 
alkyl radicals are -lower alkyl" radicals having one to about ten carbon atoms. Also 
preferred are lower alkyP radicals having one to about six carbon atoms. Examples 
of such radicals Include methyl, ethyl, rvpropyl. feopropyl. n-bulyl. isobutyl, sec-butyl, 
tart-butyl, pentyl. iso-amyl. hexyl and the like. When substituted, the "alkyl" or lower 
alkyl- can comprise one or more radicals selected from the group of radicals con- 
sisting of hydroxy, primary amine, carboxy. acid chloride, sulfonyl chloride, sulpho- 
nate. nitro. cyano. isothlocyanate, halogen, phosphonyl. sulphonyl, suttamyl. car- 
bonyl. and thlolyl. 

The term "alkenyl" embraces linear or branched radicals having at least one carbon- 
carbon double bond of two to about twenty carbon atoms, such as from two to about 
twelve carbon atoms, for example from two to about eight carbon atoms. Preferred 
alkyl radicals are "lower alkenyl" radicals having two to about six carbon atoms. Ex- 
amples of such radicals include ethenyl. n-propenyl. butenyl. and the like. When 
substituted, the "alkenyT or "lower alkenyl" can comprise one or more radicals se- 
lected from the group of radicals consisting of hydroxy, primary amine, carboxy. acid 
chloride, sulfonyl chloride, sulphonate. nitro. cyano. Isothlocyanate. halogen, 
phosphonyl. sulphonyl, sutfamyl. carbonyl, and thiolyl. 

The term "halo" means halogens such as fluorine, chlorine, bromine or iodine at- 
oms. The term "haloalkyl" embraces radicals wherein any one or more of the alkyl 
carbon atoms is substituted with halo as defined above. Specifically embraced are 
monohaloalkyl. dlhaloaikyl and polyhaloalkyl radicals. A monohaloalkyl radical, for 
one example, may have either an iodo. bromo. chloro or fluoro atom within the radi- 
cal. Dihalo and polyhaloalkyl radicals may have two or more of the same halo atoms 



or a combination of different ha!o radicals. -Lower haloalkyP preferably embraces 
radlCa,S havln9 1 ' 8 «oms. Examples of haloalkyl radicals Include fluo- 
romethyl. difluoromethyl. trifluoromethyl. chloromethyl, dichloromethyl. trichlo- 

tnchtoromethy., pentafluoroethyl, heptafluoropropyl, difiuoroc*foramelhy., 
dichlorefluoromethyl. dHluoroethyl. dfluoropropyi. dlchloroethyl and dlchloropropyl 
The "haloalkyl" or lower haloalkyl- can optlonaHy be further substituted. When for- 
mer substituted, the -haloalkyl- cr'tower haJoalkyl" can further comprise one or more 

ZT fTOm ^ 9r ° UP ° f radlCa ' S of ^™V. P*-y amine, 

carboy acid chloride, sulfony. chloride, sulphonate. nitro. cyano, isothiocyanate. 
Phosphonyl. sulphonyl, sulfamyl. carbonyl. and thiolyl. 

The tern, "hydroxyalkyl" embraces linear or branched alkyl radicals having from one 
to about ten carbon atoms any one of which may be substituted with one or more 
hydroxy, radicals. Hydroxyalkyl radicals can be "lower hydroxyalkyl- radicals pref- 
erably having one to six carbon atoms and one or mora hydroxyl radicals. Examples 

171 T ,ndUde hydr0,VmBth ^ hyttoxyethyl, *y*oxypro P y,. hydroxybuty. 
and hydroxyhexyl. The -hydroxyalkyl- or lower hydroxyalkyl- can optionally be fur- 
*er substituted. When further substituted, the "hydraxyalkyr or lower hydroxyalkyT 
oar, further comprise one or mora radicals selected from the group of radicals con- 
SK*ng of primary amine, carboxy, acid chloride, sulfonyl chloride, sulphonate. nitro. 
cyano. .soth^cyanate. halogen, phosphonyl, sulphonyl, sulfamyl. carbonyl. and 
tniolyL 

The terms "alkoxy" and -a.koxya.ky.- embrace linear or branched oxy-containlng 

oxy radical. Alkoxy radicate can be "lower alkoxy- radicals having one to six carbon 
atoms. Examples of such radicals include methoxy. ethoxy. propoxy. butoxy and 

ST T ? S ^ " a,kOXya,,Cyl " a,S ° radi <*'* ^ving two or mora 

alkoxy rad.cais attached to the alky, radical, that is. to form monoalkoxyalkyl and 

— i can be -lower -o*£21 ^ 

Tin ~ Z at ° mS * ^ rad,Cate - <**"<* radicals 

indudemethoxymethyl. methoxyethyl. ethoxyethyi. methoxybuty. and metoxypropyl. 
The alkyl in said "alkoxyaikyT oan be substituted with one or more of hydroTpT 

thlocyanate. halogen, phosphonyl, sulphony., sulfamyl. carbonyl. and thiolyl When 



e.g. the above -alkoxyT or "alkoxyalkyP radicals are substituted with one or more 
halo atoms, such as fluoro. chloro or bromo. "haloalkoxy" or "haloalkoxyalkyr radi- 
cals are provided. Examples of such radicals Include fluoromethoxy. chloromethoxy. 
trifluoromethoxy, trffluoroethoxy, fluoroethoxy and fluoropropoxy. 

The term "aryl". alone or In combination, means a carbocycllc aromatic system 
containing one. two or three rings wherein such rings may be attached together In a 
pendent manner or may bo fused. When substituted, "aryf* can comprise onp or 
more radicals selected from the group of radicals consisting of hydroxy, primary 
amine, carboxy, acid chloride, sulfonyl chloride, sulphonats, nltro, cyano, Isothio- 
cyanate, halogen, phosphonyl. sulphonyl. suHamyl. carbonyl. and thlolyl. Examples 
of "aryl" Include aromatic radicals such as phenyl, pentafluorphenyl, naphthyl. tetra- 
hydronaphthyl, Indane and Mphenyi. 

The term -heterocydic" embraces saturated, partially saturated and unsaturated 
heteroatom-containing ring-shaped radicals, where the heteroatoms may be se- 
lected from nitrogen, sulfur and oxygen. When substituted, "heterocyclic'' can com- 
prise one or more radicals selected from the group of radicals consisting of hydroxy, 
primary amine, carboxy, acid chloride, eulfdnyl chloride, sulphonate, nltro, cyano. 
isothlocyanate, halogen, phosphonyl, sulphonyl, sulfamyl. carbonyl, and thiolyl. Ex- 
amples of saturated heterocyclic radicals include e.g. saturated 3 to 6-membered 
heteromonocylic group containing 1 to 4 nitrogen atoms [e.g. pyrrolldinyl, Imidazole 
dlnyl, piperidlno. piperazinyl. etc.]; saturated 3 to B-membered heteromonocydfc 
group containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms [e.g. morpholinyl, 
etc.); saturated 3 to 6-membered heteromonocyclic group containing 1 to 2 sulfur 
atoms and 1 to 3 nitrogen atoms [e.g. Ihiazolidinyl, etc]. Examples of partially satu- 
rated heterocyclic radicals include dlhydrothlophene. dihydropyran. dihydrofuran and 
dihydrothiazole. 



The term "heteroaryl- embraces unsaturated heterocyclic radicals. When substi- 
tuted, -heteroaryl" can comprise one or more radicals selected from the group of 
radicals consisting of hydroxy, primary amine, secondary amine, carboxy, add chlo- 
ride, sulfonyl chloride, sulphonate, nltro, cyano, isothiocyanate, halogen, 
phosphonyl. sulphonyl, sulfamyl, carbonyl. and thlolyl. Examples of unsaturated het- 
erocyclic radicals, also termed -heteroaryl- radicals, include e.g. unsaturated 5 to 6 
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member** heteromonocyclic group containing 1 to 4 nitrogen atoms, for example, 
pyrrolyl, pyrrollnyi. imldazolyl, pyrazolyl 2-pyridyl. 3-pyridyl, 4-pyridyl, pyrimldyl. py- 
razlnyl. pyrtdazinyl. triazolyl [e.g.. 4H-1,2,4-triazolyl, lH-l,2,3-trlazolyl. 2H-1.2.3- 
ttazolyl, etc.] tetrazolyl lag. 1H-tetrazotyl, 2H-tetrazoiyl, etc.], etc.; unsaturated con- 
densed heterocyclic group containing 1 to 5 nitrogen atoms, for example, indolyl, 
Isolndolyi, indolianyl. benzlmldazolyl, quinolyl. isoquinolyl, indazolyl. benzotriazolyl, 
tetrazolopyridazinyl [e.g., tetrazolo [1.5-b]pyridazinyl, etcj, etc.; unsaturated 3 to 6- 
membered heteromonocycllc group containing an oxygen otom. for example, P y- 
ranyl. 2-furyl. 3-furyl, etc.; unsaturated 5 to 6-membered heteromonocycllc group 
containing a sulfur atom, for example, 2-thienyl, 3-thienyl, etc.; unsaturated 5- to 6- 
membered heteromonocyclic group containing 1 to 2 oxygen atoms and 1 to 3 nitro- 
gen atoms, for example, oxazoiyl. isoxazolyl. oxadiazolyl [e.g., 1,2.4-oxadiazotyl, 
1.3.4-oxadlazolyl, 1 l 2,5-oxadia20lyl. etc.] eta; unsaturated condensed heterocyclic 
group containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms [e.g. benzoxazolyl, 
benzoxadiazolyl. etc.]; unsaturated 5 to 6-membered heteromonocyclic group con- 
taining 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms, for example, thlazolyl. thiadi- 
azolyl [e.g., 1,2.4-thiadiazolyl. 1,3,4-thladiazolyl, 1.2,5-thiadiazolyl. etc.] etc.; unsatu- 
rated condensed heterocyclic group containing 1 to 2 sulfur atoms and 1 to 3 nitro- 
gen atoms [e.g., benzothlazolyl. benzothladlazolyl, etc.] and the like. The terni "het- 
eroaryl" or "unsaturated heterocyclic radical" also embraces radicals where hetero- 
cyclic radicals are fused with aryl radicals. Examples of such fused bicyclic radicals 
Include benzofuran. benzothiophene, and the like. Said "heterocyclic group" can be 
substituted with one or more radicals selected from the group of radicals consisting 
of hydroxy, primary amine, carboxy. acid chloride, sulfonyl chloride, sulphonate, 
rttro, cyano, isothfocyanaie. halogen, phosphonyl. sulphonyl, sulfamyi, caroonyt. 
and thlolyl. said substitution generating a substituted "heteroaryl". optionally a sub- 
stituted "heteroaryl" fused with an "aryl" radical which can be substituted or un- 
substituted. When substituted, the "aryl" is substituted as described herein above. 
Preferred heterocyclic radicals include five to ten membered fused or unfused radi- 
cals. More preferred examples or heteroaryl radicals include benzofuryl, 2,3- 
dihydrobenzofuryl, benzotrienyl. Indolyl, dihydroindolyl, chromanyl. benzopyran. thi- 
ochromanyl, benzothlopyran. benzodioxotyl, benzodioxanyl. pyridyl. thienyl, thl- 
azolyl, oxazoiyl, furyl, and pyrazinyl. 



The term "sulfonyr. whether used alone or linked to other terms such as aikylsulfo- 
nyl. denotes respectively divalent radicals -SOa-. 
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"AJkylsulfonyl" embraces alkyl radicals attached to a sulfonyl radical, where alkyl 
be substituted is defined as above. Alkylsulfonyl radicals can be "lower alkylsulfonyl" 
radicals having one to six carbon atoms. Examples of such lower alkylsulfonyl radi- 
cals include methylsulfonyl, ethylsulfonyl and propylsulfonyl. 

The term "arylsulfonyf embraces aryl radicals as defined above, Including substi- 
tuted aryl radicals, attached to a sulfonyl radical. Examples of such radicals Include 
phenylsulfonyl. 

The terms "sulfamyl." "amlnosulfonyr and "sulfonamldyl," whether alone or used 
with terms such as "N-alkytemfnosulfonyl u . "N-arvlamlnosulfonvT, "N.N- 
dlalkylaminosulfbnyl" and "N-alkyl-N-arylaminosulfonyr. denotes a sulfonyl radical 
substituted with an amine radical, forming a sulfonamide (^OaNHa). 

The terms M N-alkylamlnosulfony|- and "N.N^ialkyiaminosulfonyl" denote suHamyl 
radicals substituted respectively, with one alkyl radical, or two alkyl radicals, option- 
ally substituted alkyl radicals as described herein above. Akylaminosulfonyl radicals 
can be "lower aikylaminosulfonyl" radicals having one to six carbon atoms. Exam- 
ples of such lower aikylaminosulfonyl radicals include N-methylamlnosulfonyl, n- 
ethylaminosulfonyl and N-melhyl-N^ethylaminosulfonyL 

The terms "N-arylaminosulfonyl" and "N-alkyl-N-arylamlnosulfonyl" denote sulfamyl 
radicals substituted, respectively, with one aryl radical, or one alkyl and one aryl 
radical, optionally substituted aryl and/or alkyl radicals as described herein above. 
N-alkyl-N-arylamlnosulfonyl radicals can be "lower N-alkyl-N-arylsulfonyl" radicals 
having alkyl radicals of one to six carbon atoms. Examples of such lower N^lkyl-N- 
aryl aminosulfonyl radicals include N-methyl-phenylamlnosulforiyl and N^ethyl- 
phenylaminosulfonyi. 

The terms "carboxy" or "carboxyl", whether used alone or with other terms, such as 
"carboxyalkyr. denotes -COaH. 
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The term "carboxyalkyl" or "alkanoyT embraces radicals having a carboxy radical as 
defined above, attached to an alkyl radical as described herein above. When sub- 
stituted, the "alkyl" or "lower alkyl" can comprise one or more radicals selected from 
the group of radicals consisting of hydroxy, primary amine, carboxy, acid chloride, 
sulfonyl chloride, sulphonate, nitro, cyano, isothiocyanate, halogen, phosphonyl, 
sulphonyl, sulfamyl, carbonyl, and thiolyl. Examples of "carboxyalkyl" radicals In- 
clude formyt. acetyl, propionyl (propanoyl), butanoyl (butyryl). Isobutanoyl (isobuty- 
ryl). watery! (pentanoyt). isovaleryi, p'rvaloyl, hexanoyl or the like. 

The term "carbonyl", whether used alone or with other terms, such as "aikylcar- 
bonyf'. denotes -(C=0)-. 

The term "alkyicarbonyr embraces radicals having a carbonyl radical substituted 
with an alkyl radical. Alkylcarbonyl radicals can be "lower alkylcarbonyl" radicals 
having from one to six carbon atoms. Examples of such radicals Include methylcar- 
bonyl and ethylcarbonyl. When substituted, the "alkyl" or "lower alkyT of the "alkyl- 
carbonyl* can comprise one or more radicals selected from the group of radicals 
consisting of hydroxy, primary amine, carboxy, acid chloride, sulfonyl chloride, sul- 
phonate, nitro, cyano, Isothiocyanate, halogen, phosphonyl, sulphonyl, sulfamyl. and 
thiolyl. 

The term "alkylcarbonylalkyr, denotes an alkyl radical substituted with an "alkylcar- 
bonyl" radical as described herein above. Both the alkyl and the alkylcarbonyl can 
be substituted as described herein above. 

The term "alkoxycarbonyr means a radical containing an alkoxy radical, as defined 
above, attached via an oxygen atom to a carbonyl radical. "Lower alkoxycarbonyl" 
embraces alkoxy radicals preferably having from one to six carbon atoms. Examples 
of "lower alkoxycarbonyr ester radicals include substituted or unsubstJtuted meth- 
oxycarbonyl, ethoxycarbonyl, propoxy carbonyl, butoxy carbonyl and hexyioxycar- 
bonyl. 

The term "alkoxycarbonylalkyl" embraces radicals having "alkoxycarbonyr. as de- 
fined above substituted to an optionally substituted alkyl radical. Alkoxycarbonylalkyl 
radicals can be "lower alkoxycarbonylalkyr having lower alkoxycarbonyl radicals as 
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defined above attached to one to six carton atoms. Examples of such tower alkoxy- 
caioonylalkyl radicals Include methoxycarbonylmethyl. tert-birtoxycartoonyiethyl. and 
methoxycarbonylethyi. 

The term '■aminocarbonyl" when used by itself or with other terms such as "amine- 
carbonylalkyl". "N^lkytamlnocarbonyr. "N-arylaminocarbonyl. "N,N- 
dfelkyiaminocaibonyl", "N-alkyl-N-arytamlnocarbonyl", "N-aJkyl-N- 
hyrtrAxyaminocartonyr and -N-alkyl-N-hydmxyaminooarbonylalkyl", dcnotoo an 
amide group of the formula -C(=0)NH2. 

The terms "^Ikylamlnocaibonyl" and "N,NWtolkyteminocart>onyr denote amino- 
carbonyl radicals which have been substituted with one alkyl radical and with two 
alkyl radicate, respectively. The alkyl radicals can be substituted as described herein 
above. "Lower alkylaminocarbonyl" comprises lower alkyl radicals as described 
above attached to an aminocarbonyl radical. 

The terms "N-arylaminocarbony!" and "N-alky|-N^ryiaminocarbony|- denote amino- 
carbonyl radicals substituted, respectively, with one aryl radical, or one alkyl and 
one aryl radical, wherein such radicals can be substituted as described herein 
above. 

The term "aminocarbonylalkyr embraces optionally substituted alkyl radicals sub- 
stituted with aminocarbonyl radicals. 

The term "N^ycioalkylaminocarbonyP denotes aminocarbonyl radicals which have 
been substituted with at least one optionally substituted cydoalkyl radical. "Lower 
cydoaikylarninocarbonyr comprises lower cydoalkyl radicals of three to seven car- 
bon atoms, attached to an aminocarbonyl radical. 

The term "aminoalkyl" embraces alkyl radicals substituted with one or mora amino 
radicals. The alkyl radicals can be further substituted by one or more radicals se- 
lected from the group of radicals consisting of hydroxy, carboxy. acid chloride, sul- 
fonyl chloride, sulphonate, nitro. cyano, isothfocyanate. halogen, phosphonyl, 
sulphonyl, sulfamyl, carbonyl, and thlolyl. 
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The term "alkylaminoalkyl" embraces amlnoalkyl radicals having the nitrogen atom 
substituted with an optionally substituted alkyl radical. 

The term "amldlno* denotes an -C(=NH)-NH Z radical. 

The term "cyanoamtdlno" denotes an -C(=N-CN)-NH 2 radical. 

The term "heterricyclicalkyl" embraces heterocyclte-eubstituted alkyl radicals. The 
alkyt radicals can themselves be substituted by one or more radicals selected from 
the group of radicals consisting of hydroxy, primary amino, carboxy. acid chloride, 
sulfonyi chloride, sulphonate. nltro. cyano, Isothiocyanate. halogen, pnosphonyl. 
sulphonyl, sulfamyl, carbonyl. and thiolyl. Heterocyclicalkyl radicals can be "lower 
heterocyclicalkyT radicals preferably having from one to six carbon atoms and a 
heterocyclic radical. Examples Include such radicals as pyrrolidinylmethyl, pyridyl- 
m ethyl end thienyl methyl. 

The term "aralkyl- embraces aryl-substituted alkyl radicals. The alkyl radicals can 
themselves be substituted by one or more radicals selected from the group of radi- 
cals consisting of hydroxy, primary amino, caiboxy. acid chloride, sulfonyi chloride, 
sulphonate. nitro, cyano, isothiocyanate. halogen, pnosphonyl, sulphonyl, sulfamyl. 
carbonyl, and thiolyl. Aralkyl radicals can be "lower aralkyl" radicals having aryt radi- 
cals attached to alkyl radicals having from one to six carbon atoms. Examples of 
such radicals include benzyl, diphenylmethyl. triphenylmethyl. phenylethyl and dl- 
phenylethyl. The aryl in said aralkyl may be additionally substituted with halo, alkyl. 
alkoxy. halkoaikyl and haloalkoxy. The terms benzyl and phenylmethyl are Inter- 
changeable. 

The term "cycloalkyl' embraces radicals having three to ten carbon atoms. Cycloal- 
kyl radicals can be "lower cycloalkyl" radicals having three to seven carbon atoms. 
Examples Include radicals such as cydopropyl. cyclobutyl, cyciopentyl. cyclohexyl 
and cycloheptyl. The "cycloalkyl" can optionally be substituted by one or more radi- 
cals selected from the group of radicals consisting of hydroxy, primary amine, car- 
boxy, acid chloride, sulfonyi chloride, sulphonate. nitro, cyano. isothiocyanate. halo- 
gen, phosphonyl. sulphonyl, sulfamyl, caibonyl. and thiolyl. 



The term "cycloalkenyT embraces unsaturated cyclic radicals having three to ten 
carbon atoms. The "cycloalkenyr can optionally be substituted by one or more radi- 
cals selected from the group of radicals consisting of hydroxy, primary amine, car- 
boxy, acid chloride, sulfonyi chloride, sulphonate. nltro. cyano. isothiocyanate, halo- 
gen, phosphonyl. sulphonyl. suHamyl, carbonyl. and thiolyl. Examples Include cyclo- 
butenyl. cyclopentenyl. cyclohexenyl and cycloheptenyl. which can optionally be 
substituted as described above. 

The term "alkylthlo' embraces radicals containing a linear or branched alkyl radical, 
of one to ten carbon atoms, attached to a divalent sulfur atom. An example of "al- 
kylthio" is methylthlo, (CHrS-). The alkyl radical can be substituted as described 
herein above. 

The term -alkytsulfinyl" embraces radicals containing a linear or branched alkyl Radi- 
cal, of one to ten carbon atoms, attached to a divalent -S(=0)- atom. The alkyl radi- 
cal can be substituted as described herein above. 

The term "aminoalkyT embraces alky) radicals substituted with amino radicals. The 
alkyl radicals can be further substituted by one or more radicals selected from the 
group of radicals consisting of hydroxy, carboxy, acid chloride, sulfonyi chloride, 
sulphonate. nltro, cyano. isothiocyanate. halogen, phosphonyl. sulphonyl, sulfamyl. 
carbonyl, and thtolyl, Aminoalkyl radicals can be "lower aminoalkyT having from one 
to six carbon atoms. Examples include aminomethyl. aminos thyl and aminobulyl 
which can optionally be further substituted as described above. 

The term "alkylamlnoalkyl" embraces aminoalkyl radicals having the nitrogen atom 
substituted with at lead one alkyl radical. Alkylaminoalkyl radicals can be "lower 
alkylaminoalkyr having one to six carbon atoms attached to a lower aminoalkyl 
radical as described above. The alkyl radical can be substituted as described herein 
above. 

The terms "N-alkylamino' and "N.N-dialkylamlno" denote amino groups which have 
been substituted with one alkyl radical and with two alkyl radicals, respectively. The 
alkyl radical can be substituted as described herein above. Alkylamlno radicals can 
be "lower alkylamino" radicals having one or two alkyl radicals of one to six carbon 
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atoms, attached to a nitrogen atom. Suitable "alkyiamino- may be mono or dfalkyla- 

mlno such as N-melhylamlno. N^thylamlno, N.NnJIrnethylamino, N.N^Iemylamino 
or the like. 



The term "arylamino" denotes amino groups which have been substituted with one 
or two aryl radicals, such as N-phenylamino. The "arylamino- radicals may be fur- 
ther substrtuted on the aryl ring portion of the radical. Substitutions can include one 
or mnre of hydroxy, amino, carboxy. acid chloride, eulfonyl chloride, eulphonote, 
nitro. cyano. isothlocyanate. halogen, phosphonyl. sulphonyl, suHamyl. carbonyl, 
and thiolyl. * 

The term "aralkylamino" denotes amino groups which have been substituted with 
one or two aralkyf radicals, such as N-benzylamino. The "aralkylamino" radicals may 
be further substituted on the aryl ring portion of the radical. Substitutions can Include 
one or more of hydroxy, amino, carboxy. acid chloride, sulfonyl chloride, suiphonate 
mtro. cyano. isothiocyanate. halogen, phosphonyl. sulphonyl, sulfamyl. carbonyl 
and thiolyl. * f 

The terms -N^ikyl-N-arylamlno- and "N-aralKyl-N-alkylamino- denote amino groups 
which have been substituted with one araikyl and one alkyl radical, or one aryl and 
one alkyl radical, respectively, to an amino group. Th e araikyl and/or aIkyJ and/or 
aryl radicals can be substituted as described herein above. 

The terms "N-arylamlnoalKyl- and "N-aralkylaminoalkyr denote amino groups which 
have been substituted with one aryl radicals or one araikyl radical, respectively, and 
nav,ng the amino group attached to an alkyl radical. The araikyl and/or alkyl and/or 
aryl radicals can be substituted as described herein above. Arylaminoalky. radicals 
can be lower aryfaminoalkyf having the arylamino radical attached to one to six 
carbon atoms. Examples of such radicals include N^henylaminornethyl and N- 
phenyl-N-methylaminomethvl. 

The terms "N-alkyl-N^rylaminoalkyl-. and -N-aralkyf-N^lkylaminoalkyr denote N- 
alkyt-N-arylamino and N-alkyl^-aralkylamino groups, respectively, and having the 
amino group attached to alkyl radicals which can be substituted as described herein 
abova. 
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The term "acyr. whether used alone, or within a term such as •acylammo- denotes 
a radical provided by the residue after removal of hydroxy! from an organic acid. 

The term "acylamlno" embraces an amino radical substituted with an acyl group. An 
examples of an "acylamlno- radical Is acetylamfno or acetamldo (CH 3 C(=0)-NH-) 
where the amine may be further substituted with alkyl, aryl or aralkyl. wherein said 
alkyl, aryl nr aralkyl can be substituted as described herein above. 

The term "arylthlo" embraces aryl radicals of six to ten carbon atoms, attached to a 
divalent sulfur atom. The aryl can be substituted as described herein above. An ex- 
ample of "arylthio" is phenylthio. 

The term "aralkylthio" embraces aralkyl radicals as described above, attached to a 
divalent sulfur atom. The aralkyl radicals can be further substituted as described 
herein above.Art example of "aralkylthio" Is benzylthio. 

The term "aryloxy" embraces aryl radicals, as defined above, attached to an oxygen 
atom. The aryl can be substituted as described herein above. Examples of such 
radicals include phenoxy. 

The term "aralkoxy" embraces oxy-containing aralkyl radicals attached through an 
oxygen atom to other radicals. The aralkyl can be substituted as described herein 
above.Aralkoxy radicate can be "lower aralkoxy" radicals having phenyl radicals at- 
tached to lower alkoxy radical as described above. 

The term "hatoaralkyl" embraces aryl radicals as defined above attached to haloaJkyl 
radicals. The aryl can be further substituted as described herein above. 

The term "carboxyhaloalkyl" embraces carboxyalkyl radicals as defined above hav- 
ing halo radicals attached to the alkyl portion. The alkyl portion can be further sub- 
stituted as described herein above. 

The term "alkoxycarbonylhaloaikyr embraces alkoxycartoonyl radicals as defined 
above substituted on a haloalkyl radical. The haloalkyl radical can be further substi- 
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luted by one or more of hydroxy, amino, carboxy. acid chloride, sulfonyl chloride, 
sulphonate, nltro, cyano. Isothfocyanate, phosphonyl, sulphonyl, sulfamyl, carbonyl 
andthiolyl. 

The term -aminocarbonylhaloalkyr embraces aminocarbonyl radicals as defined 
above substituted on an optionally substituted haloalkyl radical wherein the alkyi Is 
substituted by one or more of hydroxy, amino, carboxy, acid chloride, sulfonyl chlo- 
ride, sulphonate. nltro. cyano. teomlnnyAnate. phosphonyl. sulphonyl, sutfamyl. car- 
bonyl. and thiolyl. . 

The term "alkylaminocarbonylhaloalkyP embraces alkylaminocarbonyl radicals as 
defined above substituted on an optionally substituted haloalkyl radical as described 
above. 

The term "altoxycarbonyteyanoalkenyl" embraces aikoxycarbonyl radicals as de- 
fined above, and a cyano radical, both substituted on an optionally substituted 
alkeny] radical. 

The term -carboxyalkylaminocarbonyr embraces aminocarbonyl radicals substituted 
with oarboxyalkyl radicals, as defined above. The carboxyalkyl can be further sub- 
stituted. Substitutions can Include one or more of hydroxy, amino, acid chloride, 
sulfonyl chloride, sulphonate, nltro. cyano. Isothlocyanate. halogen, phosphonyl. 
sulphonyl, sulfamyl, carbonyl. and thiolyl. 

The term "aralkoxycarbonytalkylaminocarbonyP' embraces aminocarbonyl radicals 
substituted with aryl-substituted aikoxycarbonyl radicats. as defined above. 

The term "cycloalkylalkyP embraces cycloaikyl radicals having three to ten carbon 
atoms attached to an alkyl radical, as defined above. Cycloalkylalkyl radicals can be 
lower cycloalkylalkyl" radicals having cycloaikyl radicals attached to lower alkyl 
radicals as defined above. Examples include radicals such as cyclopropylmethyl 
cyclobutylmethyl. and cyclehexylethyL 

The term "aralkenyl" embraces optionally substituted aryl radicals attached to 
alkenyl radicals having two to ten carbon atoms, such as phenylbutenyl. and phen- . 
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ylethenyl or styryL When substituted the aryl can be substituted with one or more of 
hydroxy, amino, carboxy, acid chloride, sulfonyl chloride, sulphonate. nitro. cyano, 
isothiocyanate, halogen, phosphonyl, sulphonyl, sulramyl. carbonyl, and thioiyl. 

The term "Pol" denotes a polymerized substituted or unsubstituted styrene, a po- 
lymerized substituted or unsubstituted acrylate. a polymerized substituted or unsub- 
stituted (meth)acrylate, a polymerized substituted or unsubstituted hy- 
droxymBthyl(mftth)»r.ty»ate; & polymerized substituted or unsubstituted acrytamido. a 
polymerized substituted or unsubstituted vinylacetate: a polymerized substituted or 
unsubstituted vlnylether; a polymerized substituted or unsubstituted vlnylpyrrolidone. 
a polymerized substituted or unsubstituted oxirane; a polymerized substituted or 
unsubstituted oxetane, a polymerized substituted or unsubstituted oxolane; a po- 
lymerized substituted or unsubstituted episulfide; a polymerized substituted or un- 
substituted thiotane; a polymerized substituted or unsubstituted cyclic amine. 

The term 'derivative of a reactive group' denotes a reactive group (e.g. a reactive 
group of a substituted alkyl) which has been reacted with a chemical moiety, said 
reaction generating the derivative by attaching the chemical moiety (optionally the 
part of the chemical moiety which is not consumed in the reaction with the reactive 
group) to the fluorescent dye compound. The derivative can be e.g. an activated 
ester or a monomer or a macromonomer. 



The term "reactive moiety" is used Interchangably with "derivative of a reactive 
group". A substftuent of the fluorescent dye compound can comprise a "reactive 
moiety, or the "reactive moiety" can be attached to the fluorescent dye compound 
by reaction with e substftuent lathe form of e.g. a substituted alkyl capable of react- 
ing with the reactive moiety (precursor). 
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Detailed Description of the Invention 

Preferred embodiments of the present invention are described herein below. 
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In one embodiment there Is provided a fluorescent dye compound comprising the 
structure 



Preferably, the compound comprises one or more substituents in either one or more 
of the ortho positions (positions 1 , 3, 5, 7, 9 and 1 1) and/or one or more of the para 
positions (positions 2, 6 and 10), more preferably one or more substituents in one or 
more of the para positions. 

The para positions (2,6 and 10): In order to obtain Intense absorbance it is preferred 
that at least two of these positions carry a substituted amino group. In one embodi- 
ment, the invention Is directed to compounds wherein position 10 is unsubstituted. 

The ortho positions (1, 3, 5, 7, 9, 11): These positions can optionally be substituted 
with one or more substituents. In general, electronegative substftuents should give 
raise to a redshrft, while electropositive groups should give a blueshift Since sterlc 
interactions between any group in these positions and the amino groups may tead to 
decreased fluorescence quantum yields, the most relevant substituents for these 
positions are expected to be F and CI which could be introduced In order to redshfft 
the absorbance/emission maximum. 

Substituents comprising reactive groups: In general, it Is preferred to Introduce sub- 
stituents comprising reactive groups via one of the para amino groups. However, the 




Y 
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substituents comprising reactive groups can also be attached in an ortho position. 
Ortho- and para-positions are Indicated herein above. 

Substituents Ri to R 10 are preferably selected independently from the group con- 
5 sisting of: 

hydrido r 

substituted and unsubstituted alkyl, substituted and unsubstituted haloalkyl. substl- 
10 tuted and unsubstituted hydroxyalky!, substituted and unsubstituted alkylsutfonyl. 

substituted and unsubstituted alkenyl, 

halo, 

15 

substituted and unsubstituted alkoxy, substituted and unsubstituted alkoxyalkyl, 
substituted and unsubstituted haloalkoxy, substituted and unsubstituted haloalk- 
oxyalkyl, 

20 substituted and unsubstituted aryl. 

substituted and unsubstituted heterocyclic, 
substituted and unsubstituted heteroaryl, 

25 

sulfonyl, substituted and unsubstituted alkylsulfonyl, substituted and unsubstituted 
arylsulfonyl, sutfemyl, sulfonamidyl, aminosutfonyl, substituted and unsubstituted N- 
alkylarninosulfonyl. substituted and unsubstituted N-aryiamlnosulfony!, substituted 
and unsubstituted N.N-diaikylarninosulfonyl, substituted and unsubstituted N-alkyl- 
30 N-arylaminosulfonyl, substituted and unsubstituted N-alkylamlnosulfonyl, substituted 
and unsubstituted N,N-dtalkytaminosulfonyl, substituted and unsubstituted N- 
arylaminosulfonyl, substituted and unsubstituted N-alkyl-N-arylaminosulfonyl, 
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cartooxy. substituted and unsubstituted carboxyalkyl, 
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cartoonyl. substituted and unsubsfituted alkylcarbonyl, substituted and unsubstltuted 
aKkylcarbonylalkyl, 

substituted and unsubsfituted alkoxycarbonyl, substituted and unsubstltuted alkoxy- 
carbonylalkyl, 

amlnocarbonyl r substituted and unsubstltuted aminocarbonylalkyh substituted and 
unsubstitutod N olkylaminocorbonyl, substituted and unsubstituted N- 
aiylamlnocarbonyl, substituted and unsubsfituted N,N-dialky!aminocarbonyl, substi- 
tuted and unsubstltuted N-alkyl-N-aiylamlnocarbonyl, substituted and unsubstltuted 
N-alkyl-N-hydro^amlnocarbonyl, substituted and unsubstltuted N-alkyl-M- 
hydroxyamlnocarbonylalkyl, substituted and unsubstltuted N-alkylaminocarbonyl B 
substituted and unsubstltuted N.N-dialkylamlnocarbonyl, substituted and unsubstl- 
tuted N-arylaminocaTbonyl, substituted and unsubstltuted N-alkyJ-N- 
arylaminocarbonyi. substituted and unsubstltuted aminocarbonylaikyl. substituted 
and unsubstltuted N-cycloalkylamlnocarbonyl. 

substituted and unsubstltuted amlnoalkyt, substituted and unsubstltuted alkytaml- 
noalkyl, 

amidino, 

cyanoamidino, 

substituted and unsubsfituted heterocyclicalkyl, 
substituted and unsubsfituted aralkyl, 
substituted and unsubstltuted cycloalkyl. 
substituted and unsubstltuted cycioalkenyl. 
substituted and unsubsfituted alkylthio, 
substituted and unsubsfituted alkyisulflnyl, 
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substituted and unsubstituted r*alkylamino. substituted and unsubstituted N N- 
diaJkytamino, 

substituted and unsubstituted aryfemino, substituted and unsubstituted aralkylamino, 
substituted and unsubstftuted N^kyW^arylarrtno, substituted and unsubstituted N- 
aralkyl-N^aikylamino. substituted and unsubstituted N-arylamlnoalkyl. substituted 
and unsubstituted N-eralkylaminoolkyl, oubatltuted and unsubstituted N-alkyl-N- 
arylamlnoalkyl. substituted and unsubstituted N-araJkyi-N-alkylaminoalkyl, 

acyl, acylamino, 

substituted and unsubstituted arylthb, substituted and unsubstituted analkytthio. 
substituted and unsubstituted aiytaxy. substituted and unsubstituted aralkoxy, 
substituted and unsubstituted haloaralkyl, 
substituted and unsubstituted carbo*ynaloalkyl. 

substituted and unsubstituted alkoxycarbonylhaloalkyl. substituted and unsubstituted 
ammDcarbonyihaloalkyl, substituted and unsubstituted alkylaminocarbonyihaloalkyl, 

substituted and unsubstituted alkoxycarbonylcyanoalkenyl, 
substituted and unsubstituted caiboxyalkylaminocarbonyl, 
substituted and unsubstituted aralkoxycarbonylalkylamlnocarbonyl, 
substituted and unsubstituted cycloalkylalkyl. and 
substituted and unsubstituted aralkenyl. 
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with the proviso that R t to Re are not all Identical linear afkyls when Y is NRsRq and 
Z Is O, and that Rt and R2 ana not both ethyl when NR3R4 and NR5R0 both consti- 
tute a morpholinyl ring 

wherein at least one af said substituents R1 to R10 comprises 

a) one or more reactive groups selected from the group consisting of vlnyl r allyl. 
hydroxy, primary amine, secondary amine, oarboxy, oarbony], nttro, cyano f loo 
thiocyanate, halogen, phosphonyl. sulphonate. sulphonyl, sulfemyl, and thiolyl, 
or 

b) at least one reactive moiety selected from the group consisting of an activated 
ester, such as N-sucdnlmidyl ester, maleimide ester, or fluorophenol ester, in- 
cluding pentafluorophenol ester; acid halide, such as add chloride or add bro- 
mide; suffonyl halide, such as sulfonyl chloride orsulfonyl bromide; tosylate, 
mesylate, phtalimWo, azldo, an optionally polymerized substituted or unsubsti- 
tuted styrene, an optionally polymerized substituted or unsubstltuted aciylate, 
an optionally polymerized substituted or unsubstltuted (meth)acrylate. an op- 
tionally polymerized substituted or unsubstltuted hydroxymethyl(meth)acrylate; 
an optionally polymerized substituted or unsubstltuted acrylamlde, an optionally 
polymerized substituted or unsubstltuted acetate, an optionally polymerized 
substituted or unsubstltuted vinylacetate; an optionally polymerized substituted 
or unsubstltuted vinylethen an optionally polymerized substituted or unsubstl- 
tuted vinylpyrrolidone, an optionally polymerized substituted or unsubstltuted 
oxirane; an optionally polymerized substituted or unsubstituted oxetane, an op- 
tionally polymerized substituted or unsubstituted oxolane; an optionally polym- 
erized substituted or unsubstituted episulfide; an optionally polymerized substi- 
tuted or unsubstituted thiotane; and an optionally polymerized substituted or un- 
substituted cyclic amine. 

Table 1 illustrates examples of preferred substituents comprising reactive groups. In 
some embodiments, two or three identical or different substituents comprising reac- 
tive groups can be attached via the amino groups. When the substituents compris- 
ing reactive groups are different and have different reactivities they permit stepwise 
reactions with e.g. polymer beads and/or biomolecules. 
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Table 1 

Amine used in thesubstrtu- Converted to Reactive linker Comments 
tion reaction 




-ex 



N-sucdnlmfdyl ester 
or Acid chloride 

Pentafluorophenol ester (or STP ester) 



Tosylate. mesylate, Halide 




Suifbnyl chloride 



Isothiocyanate Amine reactive 

Malefmide Thiol reactive 



5 The ability to modify the solubility of the compounds according to the invention is 
important as poorly dissolvable compounds tend to self-aggregate or form non- 
covalent complexes with btomolecutes. This may result in quenching of the fluores- 
cence. Also, poorly dissolvable dyes may lead to preclpitatlon/aggregaflon of the 
beads/biomolecules. 

10 

It is possible to modify the solubility of the compounds according to the invention by 
selecting preferred substituents. including the amino or substituted amine used In 
the reaction with the preferred substituents, including substituents comprising reac- 
tive groups. 

15 

in Table 2 some examples of amino groups with different polarity are illustrated. 
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Table 2 

Amine used In the substitu- 
tion reaction 



— Non P° lar d y e ( for us © in non polar media) 



Medium polar (could be use to synthesize TEG* sub- 
stituted derivatives) 



Two of these anionic taurine substituents would give 
a (probably water soluble) dye with a total charge of 
minus one. 
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Table 3 
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Pol Pohrmor matrix preferably in (ha term of toad, and hosed on polyafhytenegiynate with amine or hydroxy fcwmiftotfon 
React* -<CH,)rCOOH. prefereUy activated as N-nwinlnitdyf eater, add chloride or flieoptenyf eater. 
React-b -CjH^Oh, preieraoy ocdvatea aa toaytate or mesylate 

Reacfrc 4CH213-NH2. vrttcre ftp ortmarv amine ta prcfcraMy protected as a pttaHmkio or azldo group 



Apart from the preferred polymer matrices comprising PEGs which are mentioned 
under *Por in Table 3, "Par can further denote any of the polymers listed under the 
definition of this term. 



Vinyls 




Styrenes 

optionally substftuded 




Acetates 
Ri w Me or H 
Ra ~ spacer e.g. 
(CKWn orCCHaCI-bOn 
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(Meth)acrylates 
Ri = Me or H 
Fl2 = spacer e,g. 
(CH 2 ) n or <CH 2 CH 2 0) fl 




Ether 

Ri =Me or H 

R2 = spacer e.g. 

(CHa) A or(CH 2 CH20) n 



(Meth)acryfamldes 
Ri =Me or H 
R2 = spacer e.g. 
<CH 2 ) n or(CH 2 CH z O) n 



Vinyl 

Ri »Me orH 

Ra ™ spacer e.g. 

(CH 2 ) n or(CH2CH 2 0) rt 



Cyclic ethers 



Oxiranes 

R » spacer e.g. 

{CH 2 )n or(CH 2 CH a O) n 



Oxefanes 

Ri = CH 3 .CH2CH 3 orH 
Ra a spacer e.g. 
(CHJ^ortCHzCHaO),, 




Oxolanes (THF) 
R= spacer e.g. 
(CHzJnOriCHaCHaO)™ 
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Cyclic sulfides 



Eplsulfld©9 
R = spacer e.g. 
(CH^or (CH*CH20) n 



Ri = CH3, CH2CH3 or H 
R*= spacer e.g. 
(CH2)nOT(CH 2 CH 2 0) n 



Cyclic amines 



R - spacer e.g. 
(CH2) B or(CH 2 CH 2 0) n 



Ri = CH 3 . CH 2 CH 3 orH 
R 2 = spacer e.g. 
(CH 2 )„ or(CH 2 CH 2 0) 0 
R3- CH 3 , CH 2 CH 3 Hor 
spacer e.g. 
(CH^orCCHaCHzO),, 



R R u Rz. and R 3 denote the groups onto which the fluorescent dye compound can 
be attached. The numbering does not refer to fluorescent dye substitutente. 

Synthesis of trianaulenlum compou nds according to the Invention 

One synthesis scheme for preparation for triangulenium derivatives according to the 
Invention take advantage of the selective, facile, and stepwise substitution of the 
para methoxy groups in the readily available trts(2,4 t 6-trimethoxyphenyl)-cart)en!um 
ion (1 , scheme 1). By this method, precursor compounds 4 in which R^R* are the 
same or different can be obtained In few and simple synthetic steps as outlined In 
Scheme 1 (Laursen. ibid.). The triangulenium compound 5 can be obtained by 
heating the corresponding compound 4 with Lil in NMP, 

The synthesis of compounds according to the present .invention can be performed 
based on the strategy disclosed herein above utilizing the reactivity of the tris(2,4,6- 
trimethoxyphenyQ-carbenium ion (1) towards amine nucleophiles. 
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Dub to the stepwise nature of the substitution reaction, it is possible to obtain 
asymmetrical substituted triangulenium derivatives in a "one-pot" procedure as out- 
lined in scheme 2. ■ 

Ring closure of compound 4a is performed by heating the compound in NMP with 
UCI and butane acid. 

This procedure is superior to the previously published procedure using NMP/Lil 
which results in methylation of the acid group. 

Examples 

The invention is further described herein below in the non-limiting examples. 
Example 1 

The synthesis of the compound designated as ATOTA-1 Is outline In Scheme 2. 

1 (EMV) is synthesized as described in the literature (Laursen et al. JACS 1998. 120. 
12255-12263) 

4a (BF 4 "): 4-(methyIamino)butyrtcacId hydrochloride (1.36 g; 8.8 mmol), 1 (5.0 g: 8.3 
mmol), and dKsopropylethylamine (5 mL> Is dissolved In acetonitrile (120 mL). The 
reaction mixture is stirred at 30-35 °C in a dye nitrogen atmosphere tor 22 h. Aque- 
ous dimethylamine (40 mL of a 40% soiutlon) is added and the reaction mixture is 
stirred for four more days. Solvent and excess dimethyl amine Is removed In vacuo 
and the reminiscent material dissolved In chloroform. The chloroform solution was 
washed twice with brine and dried over MgS0 4 before evaporation of the solvent 
and reprecipitatton from CHjCfe/ether. Yield: 4.4 g (74%) dark powder. 

MS (FAB+): mfz 624 (M+) 

1 H-NMR (400 MHz, dB-DMSO): S 8.34 (1H, s), 6.03 (2H, s), 5.83 (4H. S), 3.4g (2H. 
m), 3.46 (6H. s). 3.44 (12H, s), 3.12 <3H. s). 3.08 (12H, s), 1.94 (2H. t). 1.70 (2H. m). 
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5a (PF 6 -): 4a (BF») (2.3 g; 3.19 mmol). L1C! (2.4 g). and propanlc acid (4.5 mL) was 
dissolved in NMP (150 mL) and heated to 180 *C for 80 minutes. Bthylacetate (ca 
400 mL) was added In small portions to the cooled (25 °C) reaction mixture while 
stirring. The precipitate is filtered off and washed with ether, giving an orange solid 
5 (2.0 g). 1 .8 g of this solid was dissolved in DMSO (ca 1 00 mL) and poured Into 0.2 
M aqueous KPF, solution (acidified with HCI, pH ca 2). The precipitate was fittered 
off and washed with pure water and recrystalllzed from ethanol/water (300 mL + 120 
mL), giving 1 .40 g (69%) of 6a-PF 6 -. 

MS (FAB+): m/z 486 (M+) (at m/z 500 a signal from the methylester is observed, ca 
10 10% in relative intensity) 

1 H-NMR (400 MHz, d6-DMSO): 8 12.24 (1H. s), 6.40 (2H. s). 6.32 (2H. d, J = 2 Hz). 
6.29 (2H. d, J = 2 Hz), 3.45 (2H. t,J~7Hz), 3.09 (12H, s), 3.06 (3H. s), 2.37 (2H, t 
J = 7 Hz), 1 .77 (2H. m). (at 3.66 ppm a singlet with a relative Intensity of 0.2H is ob- 
served due to the methoxy group In the methylester). 

15 ATOTA-1 (PF a ): 5a (PFO (0.80 g. 1 .26 mmol) was dissolved In dry DMSO (50 mL) 
and dilsopropytethylamine (0.30 g, 2.3 mmol) was added followed by TSTU (2- 
sucdnimido-1.1,3,3-tetramethyluronium tetrafluoroborat; 0.60 g, 2 mmol). The reac- 
tion mixture was stirred in a closed flask at room temperature for 2 hours, before It 
was poured into 0.2 M aqueous KPF 6 solution (250 mL) acidified with 2 M HCI solu- 

20 tion (2 mL). The precipitate was filtered off and washed with pure water. The dried 
(vacuum over KOH) product was repredpiteted from aoetonltri!e(50 mL)/etherf.200 
mL). Yield: 0.81 g (90%) orange powder! 

MS (FAB+): m/z 583 (M+) (at nJz 500 a signal from the methylester Is observed, ca 
1 0% in relative Intensity) 

25 'H-NMR (400 MHz. d6-DMSO): 5 6.41 (2H, s), 6.30 (4H. s). 3.52 (2H. t. J = 7 Hz), 
3.09 (15H, m). 2.85 (8H, m). 2.50 (2H. m). (at 3.66 ppm a singlet with a relative in- 
tensity of 0.2H Is observed due to the methoxy group in the methylester impurity) 

The absorption and emission spectre of ATOTA-1 are given in figure 2. The dark 
line Illustrates the measured absorption spectrum. The emission spectrum is illus- 
30 trated by the gray line. 
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Example 2: Exposing linked fluorescent dye to harsh conditions. 



General methods 

Reagents were obtained from Fluka and used without any purification. All solvents 
used were of HPLC grade kept over molecular sieves. ATOTA-1 was obtained from 
Bo Wegge Laursen, Nano-Sdence Center, Copenhagen University. The 5-28 urn 
beads were prepared by using a high-speed dispersion reactor. The beads (300-500 
jim) wore prepared in a 250 ml baffled glass reactor equipped with a dispersion stir- 
rer. Washing and subsequent drying of beads was earned out by the following pro- 
cedure: The beads were washed 10 times wifh ethanol, followed by 10 times wash 
with water, and finally another 1 o times wash with ethanol and were then dried at 
room temperature under vacuum. In the following wash, washed, and washing re- 
fers to this procedure. 



1 5 Thorough washing refers to a procedure comprising the steps of 1 0 times wash with 
dl-chloromethane (DCM). 10 times wash with methanol (MeOH). 10 times wash with 
water, 10 times wash with dl-methylformamide (DMF), another 10 times wash with 
MeOH, a further 10 times wash DCM, and finally drying at room temperature under 
vacuum 

20 

The fluorescence Images were obtained with a Leica MZ12 stereo zoom microscope 
and a Leica digital camera with an exposure time of 2.3sec and 0.8 Hmes magnifica- 
tion. A mercury lamp equipped with a blue filter provided the broad banded excita- 
tion In the near UV range. A green filter was positioned between the sample and the 
25 tens of the microscope in order to filter away the Incoming blue light. It was hereby 
obtained that only the fluorescence was recorded. The images of the fluorescent 
beads were recorded in DMF. 

Synthesis of partially acrvlovlated f I WAFEG^ and ( NHo^FEG^ 
30 Acryioyl chloride (1 .267 ml, 14 mmol) In DCM (12 ml) was added dropwlse to a so- 
lution of (NHafcFEGfioo (6.3 g. 10 mmol) In DCM (18 ml) at 0 °C with stirring. The 
reaction mixture was kept for 1 h at 20 °C. The DCM was evaporated and drying In 
vacuum at 20 °C yielded the 70% acrybylated (NH^PEGmo as colourless thick oil. 
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The partially acryloylated (NHafePEG,™ was prepared by following the same proce- 
dure with (NH 2 ) 2 PEG 190 o (20 g, 10 mmol) In DCM <12 ml) and acryloyl chloride 
(1.267 ml, 14 mmol) In DCM (18 ml). 

Preparation of f Ac rk^NH^P EG.^Acrvlamlri* mpoivmar beads , 
The (Acr) w (NH 2 ) 2 PEG 1 Baracrylamlcle polymer beads were prepared by Inverse 
suspension polymerisation. In order to prepare the beads having a size 300-500 
fim. a 1.4 wt%of sorbitan monolaurate to the nriQcromonomor was used aa th© sus- 
pension stabiliser, n-heptane was used as the suspension medium and was de- 
gassed with argon for 1 hour before the addition of monomers. In a typical synthesis 
procedure, a solution of (Acr) 1>4 (NH 2 ) 2 PEG 1900 (7.3 g, 3.54 mmol) in water (21 ml) 
was degassed with argon for 30 mln. Acrylamide (0.36 g, 5 mmol) in water (0.5 ml) 
was added to the degassed solution and the purging of argon was continued for 5 
min. A solution of sorbitan monolaurate (0.1 ml) in DMF (1 ml) and the free radical 
initiator ammonium persulfate (300 mg) in water (2 ml) were added to the monomer 
mixture. The reaction mixture was then rapidly added to the suspension medium 
and stirred at 600 rpm at 70 °C. After one min, TEMED (1.5 ml) was added to the 
reactor. The reaction was allowed to continue for 3hours, the encoded beads formed 
were filtered through the sieves and the 300-600 urn fraction was collected. The 
beads were washed. 

Labelling of beads with ATOTA-1 

Labelling of (Acr),* (NHsfcPEG^Acrylamlde (300 - 500 urn) beads with ATOTA-1 

The beads (0.1 g, 0.2 mmol/g) were swollen In DMF (4 ml) for 1h The DMF was 
filtered off, the ATOTA-1 (0.0146 g. 0.02 mmol) in DMF (500 fiL) was added to the 
swollen beads and the reaction mixture was kept at room temperature. After 24h the 
beads were washed. 

Stability Of ATOTA-1 labelled heads in acids, bases, and njfgje^phjlgj 
The lyophilised ATOTA-1 labelled (Acrk 4 (NH^PEG^oo-Acrylamlde (300-500 urn) 
beads were used for the stability studies. The beads (10 mg each. 0.2 mmol/g) were 
weighed Into seven syringes fitted with a Teflon filter and treated with the reagents 
for 3 hours at room temperature. 
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Trifllc anhydride; The beads were washed with 10 times with DCM, and then triflic 
anhydride (34 pi, 100 equh/) was added. After 3h, the beads were Altered and thor- 
oughly washed. 



TMSpTf; The resin was washed with DCM (10x) and trimethylsllylmethyl trifluo- 
romethanesulfonate (40 pi, 100 equlv) was added. After 3h, the resin was filtered 
and thoroughly washed. 

Trifluoroacetjc ap|d; The dried resin was suspended in neat trifluoroacetic acid (100 
ill) for 3h. The resin was thoroughly washed. 

gotassium hydroyio-e (KOHfc The resin was washed with water (10x) and saturated 
aqueous KOH (200 pf) was added. After 3 hours, the resin was thoroughly washed. 

Butyl |lthjgm (Bui l>- The resin was washed with DCM (10x) and THF (10x). Butyl 
lithium in heptane (64 pi. 10 equiv) was added. After 3h. the resin was filtered and 
washed 1 0 times with tetra-hydrgfourane and then washed thoroughly. 

Boron-tri-fiuortdft <BF«\ in «th y i^ 0 r p ^] ; The resin was washed with DCM (10x) 
and BF 3 EfcO (26 pi, 100 equiv) was added. After 3h, the resin was filtered and thor- 
oughly washed. 

Piperidine: The resin was washed 10 times with DCM and 10 times with DMF. 20% 
piperidine in DMF (200 pi) was added. After 3 hours the resin was filtered and 
washed with THF and then washed thoroughly. 
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Results ' 

The ATOTA-1 labelled beads were suspended In DMF and analysed byfluores- 
cence microscopy before and after exposure to the harsh environments specified 
above. The resulting fluorescence Images are given In Fig. 3. It appears from Ihe 
figure that the beads as well as the fluorescent dye were chemically stable in all 
reagents. Only the exposure to trffllc anhydride seems to have reduced the fluores- 
cence signal as the image of the beads after the trtfllc anhydride treatment shows a 
decreased Intensity of fluorescence (Fig. 3j). In order to investigate whether this 
effect is reversible, the trifllc anhydride treated beads were pH-neutrallsed by 20% 
DIPEA in DMF and subsequently analysed with the microscope set-up (Fig. 31). The 
resulting image shows that the beads regain their fluorescence after neutralisation. 

Fig. 3 illustrates images of beads suspended in DMF. a) unstained beads imaged 
without fluorescence filter, b) unstained beads Imaged with green fluorescence filter, 
c) stained beads imaged without fluorescence filter, d) stained beads imaged with 
green fluorescence filter, e) stained beads exposed to BF a imaged with green fluo- 
rescence filter, 0 stained beads exposed to BuLi imaged with green fluorescence 
filter, g) stained beads exposed to KOH imaged with green fluorescence filter, h) 
stained beads exposed to piperidine Imaged with green fluorescence filter. I) 
stained beads exposed to tri-fluoroacetic acid Imaged with green fluorescence filter, 
j) stained beads exposed to trifOc anhydride imaged with green fluorescence filter, k) 
stained beads exposed to tri-methyl-sllylmethyltriflate imaged with green fluores- 
cence filter. I) stained beads exposed to triflic anhydride after neutralization imaged 
with green fluorescence filter. 

Example 3 

Synthesis of labeled beads (6a) by in situ cycOsation onto amine polymer beads 
according to scheme 4. 

0,2 g dry (Acr) ljt -(NHa)jPEG,BoorAcrylamide copolymer beads prepared according 
to the above described procedures were suspended in 5 ml of dry N-methyl pyroli- 
done. 7.8 mg of hexamethoxy-tris(dimethylamine)triangulenlum PF 6 (2a, R,* = 
methyl) was dissolved into the mixture, which was heated over night at 100 deg C. 
50 mg of anhydrous Kl was added and the heating was continued for 8 days. fol-. 
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lowed by a 2 hr heating to 180 deg C and cooling to RT. The beads were filtered 
from the solution, washed 3 times with water, 3 times with acetone and re- 
suspended In water. The resulting brownish yellow beads (6a; = methyl) exhib- 
ited a strong green fluorescence when exited with blue light at 473 nm from a diode 
laser. 
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33 

Patent Claims 



1 . A fluorescent dye compound comprising the structure 




wherein X u X 3l X s , X T . X 9 . and Xn are Independently H, CI or R 

wherein Y Is selected from the group consisting of H, CI, F, NRgR*. 0R 7 . SR* 
and R$; 

10 wherein 2 is O or NRi 0l and 

wherein R if R* Ra, R*> Rs. R* R 7 . R«. Ra. and R 10 Is Independently H, an op- 
tionally substituted alky!, an optionally substituted aryl, or an optionally polym- 
erized substituted or unsubstituted monomer selected from the group consist- 
ing of styrene, acryiate, (meth)acrylate, hydroxymethyl(meth)acryfate, ac- 

15 rylamlde, acetate, vinylacetate, vlnylether, vinylpyrrolidone, oxirane, oxetane, 

oxolane. episulfide, thiotane. cyclic amine, or Ri and R2 together with the nitro- 
gen to which they are attached form a substituted or unsubstituted heterocyclic, 
or Ra and R4 together with the nitrogen to which they are attached form a sub- 
stituted or unsubstituted heterocyclic, or R 5 and Re together with the nitrogen to 

20 which they are attached form a substituted or unsubstituted heterocyclic, or 
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wherein at least one of R 1f R* R3, R* R^ Ra, R r , r^ r 9j and R 10 comprises at 
least one reactive group or at least one reactive moiety, 

wherein the at least one reactive group is selected from the group consisting of 
vinyl, allyl l hydroxy, primary amine, secondary amine, carboxy, earbonyl. nitro r 
cyano, isothiocyanate, halogen, phosphonyl, sulphonate. sulphonyl, sulfamyl, 
and thlolyl. including any combination thereof. 

wherein the at least one reactive moiety Is selected from the group consisting 
of an activated ester, such as N-succinimidyl ester, maleimide ester, or fluoro- 
phenol ester, such as pentafluorophenol ester; acid halide, such as acid chlo- 
ride or acid bromide; sulfonyl halide, such as sulfonyi chloride or sulfonyl bro- 
mide; tosyiate, mesylate, phtalimldo, azkfo, an optionally polymerized substi- 
tuted or unsubstltuted styrene, an optionally polymerized substituted or unsub- 
stituted acrylate, an optionally polymerized substituted or unsubstltuted 
(methjacrylate, an optionally polymerized substituted or unsubstituted hy- 
droxymethyl(meth)acrylate; an optionally polymerized substituted or unsubsti- 
tuted aciylamide, an optionally polymerized substituted or unsubstituted ace- 
tate, an optionally polymerized substituted or unsubstituted vinylacetate: an 
optionally polymerized substituted or unsubstituted vinylether; an optionally 
polymerized substituted or unsubstituted vinylpyrrolidone. an optlonaBy polym- 
erized substituted or unsubstituted oxirane; an optionally polymerized substi- 
tuted or unsubstituted oxetane, an optionally polymerized substituted or unsub- 
stituted oxolane; an optionally polymerized substituted or unsubstituted episul- 
fide; an optionally polymerized substituted or unsubstituted thiotane; and an 
optionally polymerized substituted or unsubstituted cyclic amine, 

with the proviso that Ri to R« are not all Identical linear alkyls when Y is IMR 5 Re 
and Z is O, and that Ri and R a are not both ethyl when NR3R4 and NR 5 Ro both 
constitute a morpholJnyl ring. 

The fluorescent dye compound according to claim 1, wherein X 1( X 3 , Xs, X 7| X* 
and Xn are ail H. 

• The fluorescent dye compound according to daim 1, wherein X t , Xa, Xs, X 7 , X 9 . 
and Xn are all CI. 



35 

4. The fluorescent dye compound according to claim 1, wherein X lt X 3l X 5 . X 7 , X ftl 
and Xn are all F. 

5. The fluorescent dye compound according to any of claims 1 to 4, wherein Y is 
selected from H, CI, and F. 

5 6. The fluorescent dye oompound according to claims 5. wherein Y is H. 

7. The fluorescent dye compound according to claims 5. wherein Y is CI. 

8. The fluorescent dye compound according to claim 5, wherein Y is F. 

9. The fluorescent dye compound according to claim 8. wherein Z is O or NRi 0 . 

1 0. The fluorescent dye compound according to claim 8, wherein Z is O, 
10 11. The fluorescent dye compound according to claim 8, wherein Z is NR 10 . 

12. The fluorescent dye compound according to any of claims 1 to 4, wherein Y is 
selected from the group consisting of NRsRo, OR?, SR* and R». 

13. The fluorescent dye compound according to claim 12 f wherein Y is NR5R* 

14. The fluorescent dye compound according to claim 13, wherein Z is O or NR 10 - 
15 15; The fluorescent dye compound according to claim 1 3, wherein Z is O. 

16. The fluorescent dye compound according to claim 13, wherein Z is NR t0 . 

17, The fluorescent dye according to claim 16, wherein wherein each of R 1t R* R3, 
FU. Rs» R$ fs a substituted or unsubstituted alkyl, or R t and R2 together with the 
nitrogen to which they are attached form a substituted or unsubstituted hetero- 

20 cyclic, or Ra and R* together with the nitrogen to which they are attached form a 

substituted or unsubstituted heterocyclic, or R 5 and Rq together with the nitrogen 
to which they are attached form a substituted or unsubstituted heterocyclic, and 
wherein R, 0 is an optionally polymerized substituted or unsubstituted monomer 
selected from the group consisting of styrene, acrylate, (meth)acrylate, hy- 

25 droxymethyl(meth)acrylate, acrylamlde. acetate, vinylacetate, vinylether, vinyi- 

pyrrolidone, oxinane, oxetane, oxolane, episulflde, thiotane, and cyclic amine. 



18. The fluorescent dye according to claim 16, wherein each of Ri, Ra, R3, R4, 

Ra ts a substituted or unsubstituted alkyl, or R t and Ra together with the nitrogen 
to which they are attached form a substituted or unsubstituted heterocyclic, or 
Ra and R* together with the nitrogen to which they are attached form a substi- 
tuted or unsubstituted heterocyclic, or R5 and Re together with the nitrogen to 
which they ere attached form a oubotituted or unoubotituted heterocyclic and 
wherein R 10 comprises a reactive moiety selected from the group consisting of 
an activated ester, such as N-succinimidyl ester, maleimide ester, orfluorophe- 
nol ester, such as pentafluorophenol ester; acid halide, such as acid chloride or 
add bromide; sulfonyl halide, such as sulfonyl chloride or sulfonyl bromide: 
tosyfate, mesylate, phtalimido, and azido. 

19. The fluorescent dye compound according to any of claims 17 and 18, wherein 
from 1 to 3 of Ri to Re are substituted alky!. 

20. The fluorescent dye according to claim 15, wherein each of R ir Ra, Ra, R,, Rg is 
a substituted or unsubstituted alley!, or R t and Ra together with the nitrogen to 
which they are attached form a substituted or unsubstituted heterocyclic, or Rg 
and R4 together with the nitrogen to which they are attached form a substituted 
or unsubstituted heterocyclic, and wherein Re Is an optionally polymerized sub- 
stituted or unsubstituted monomer selected from the group consisting of sty- 
rene, acrylate, (meth)acrylate, hydroxymethyl(meth)aciylate. acrylamide, ace- 
tate, vlnylacetate, vlnylether, vinylpyrrolidone, oxirane, oxetane, oxolane, 
epteulfide, thiotane, and cyclic amine, 

21. The fluorescent dye according to dalm 15, wherein each of Ri, Ra, Rs, R4, R5 is 
a substituted or unsubstituted alkyl, or R t and Ra together with the nitrogen to 
which they are attached form a substituted or unsubstituted heterocyclic or Ra 
and R4 together with the nitrogen to which they are attached form a substituted 
or unsubstituted heterocyclic, and wherein R* comprises a reactive moiety se- 
lected from the group consisting of an activated ester, such as N-succinimldyl 
ester, maleimide ester, orfluorophenol ester, such as pentafluorophenol ester, 
acid halide, such as add chloride or acid bromide; sulfonyl halide, such as sul- 
fonyf chloride or sulfonyl bromide; tosylate, mesylate, phtalimido, and azido. 
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22. The fluorescent dye compound according to any of claims 21 and 22, wherein 
from 1 to 3 of R t to Re are substituted alkyl, 

23. The fluorescent dye according to claim 15, wherein each of R 1( R5 1$ a 
substituted or unsubstituted alkyl. or R, and R z together with the nitrogen to 

S which they are attached form a substituted or unsubstituted heterocyclic, and 

wherein R* and R« is independently an optionally polymerized substituted or un- 
substituted monomer selected from the group consisting of styrene, acrylate, 
<meth)acrylate, hydroxymethyl(meth)acrylate, acrylamide. acetate, vlnytacetate. 
vinylether, vinylpyrrolldone. oxirane, oxetane, oxolane, episulfide, thlotane, and 
1 0 cyclic amine, wherein R$ and Re can be different or the same. 

24. The fluorescent dye according to claim 1 5. wherein each of R 1f R* Ra, R5 is a 
substituted or unsubstituted alkyl, or R, and R2 together with the nitrogen to 
which they are attached form a substituted or unsubstituted heterocyclic, and 
wherein each of R* and R$ comprises a reactive moiety selected from the group 

1 5 consisting of an activated ester, such as N-succinimidyl ester, maleimide ester 

or fluorophenol ester, such as pentafluorophenol esten acid hafide, such as acid 
chloride or add bromide; sutfonyl halide. such as sutfonyl chloride or sulfonyfl 
bromide; tosyiate. mesylate, phtalimido, and azldo, wherein Rs and Racan be 
different or the same. 

20 25. The fluorescent dye compound according to any of claims 23 and 24, wherein 
from 1 to 3 of R1. R 2i Ra, Rs are substituted alkyl. 

26. The fluorescent dye compound according to any of claims 23 and 24, wherein 
R§ and Rsare different 

27. The fluorescent dye compound according to any of claims 23 and 24, wherein 
26 R^ and Re are the same. 

28. The fluorescent dye according to claim 15. wherein each of R t . R 3; R s is a sub- 
stituted or unsubstituted alkyl, and wherein R 2| R4 and Rs is independently an 
optionally polymerized substituted or unsubstituted monomer selected from the 
group consisting of styrene, acrylate. (meth)acrylate, hy- 

30 droxymethyl(meth)acrylate. acrylamide, acetate, vinylacetate. vinylether. vinyl- 
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pyrrolidone. oxlrane, oxetane, oxolane, eplsulfide, thiotane, and cyclic amine, 
wherein Rs and Re can be different or the same. 

29. The fluorescent dye eccordlng to claim 15. wherein each of R 1( Rj, Rs is a sub- 
stituted or unsubstltoted alkyl. and wherein each of R 2| R« and Re comprises a 
reactive moiety selected from the group consisting of an activated ester, such 
as N-succlnimldyl ester, maleimide ester, or fluorophenol ester, such as pen- 
tafluorophenol ester; acid halide, such as add chloride or acid bromide; sulfonyl 
hallde. such as sulfonyl chloride or sulfonyl bromide: tosylate. mesylate, 
phtalimido, and azido, wherein R* R, and Re can be different or the same. 

30. The fluorescent dye compound according to any of claims 28 and 29, wherein 
from 1 to all of R„ R3, Rs are substituted alkyl. 

31 . The fluorescent dye compound according to any of claims 28 and 29, wherein 
R 2 , R« and Re are different. 

32. The fluorescent dye compound according to any of claims 28 and 29. wherein 
Ra, R» and Re are the same. 

33. The fluorescent dye compound according to claim 12, wherein Y is OR 7 . 

34. The fluorescent dye compound according to claim 33, wherein Z is O or NR10. 

35. The fluorescent dye compound according to claim 33. wherein Z is O. 

38. The fluorescent dye compound according to claim 33. wherein Z Is NR10. 

37. The fluorescent dye according to claim 35, wherein each of R„ Ra, R* R, is a 
substituted or unsubstltoted alkyl. or R1 and R a together with the nitrogen to 
which they are attached foim a substituted or unsubstltoted heterocyclic, or Rs 
and R* together with the nitrogen to which they are attached form a substituted 
or unsubstltoted heterocyclicand wherein R T is an optionally polymerized sub- 
stituted or unsubstituted monomer selected from the group consisting of sty- 
rene. acrylate, <meth)acrylate, hydroxymethyl(meth)acrylate, aaylamlde, ace- 
tate, vlnylacetate. vlnylether. vinylpyrrolidone, oxlrane. oxetane. oxolane. 
episulfide, thiotane, and cyclic amine. 
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38. The fluorescent dye according to claim 35, wherein each of R,, Rz, R* Is a 
substituted or unsubstltuted alkyl. or' R, and R3 together with the nitrogen to 
which they are attached form a substituted or unsubstltuted heterocyclic, or R 3 
and R* together with the nitrogen to which they are attached form a substituted 
5 or unsubstltuted het»rocyclic,and wherein R 7 comprises a reactive moiety se- 

lected from the group consisting of an activated ester, such as N-succinimidyl 
ester, malelmlde ester, or fluorophenol ester, such as pentafluorophenol ester 
acid holidc, ouch as acid chloride or acid bromide; eulfonyi halide, such ae sul- 
fonyl chloride orsutfonyl bromide; tosylate, mesylate, phtalimido, and azido. 

10 39, The fluorescent dye compound according to any of claims 37 and 38, wherein 
from 1 to 3 of R t> R 2 , R 3 . R4 are substituted alkyl. 

40. The fluorescent dye according to claim 36. wherein each of R,, R 2 , R* R A Is a 
substituted or unsubstituted alkyl, or R A and R 2 together with the nitrogen to 
which they are attached form a substituted or unsubstituted heterocyclic, or R3 

1 5 and R4 together with the nitrogen to which they are attached form a substituted 

or unsubstituted heterocyclic.and wherein R 7 and R 10 is independently an op- 
tionally polymerized substituted or unsubstituted monomer selected from the 
group consisting of styrene, acryiate, (meth)acrylate, hy- 
droxymethyl(meth)acrylate, acrylamide. acetate, vinylacetate, vinylether, vinyi- 

20 pyrrolidone, oxirane, oxetane, oxolane, episuffide, thiotane, and cyclic amine, 

wherein R 7 and R 1D can be different or the same. 

41 . The fluorescent dye according to claim 36, wherein each of R 1f R* Ra, R* is a 
substituted or unsubstituted alkyl. or R, and R2 together with the nitrogen to 
which they are attached form a substituted or unsubstituted heterocyclic, or R a 

25 and R4 together with the nitrogen to which they are attached form a substituted 

or unsubstituted heterocycllc,and wherein each of R 7 and R« comprises a reac- 
tive moiety selected from the group consisting of an activated ester, such as N- 
succlnimidy) ester, maieimide ester, or fluorophenol ester, such as pentafluoro- 
phenol esten acid halide, such as acid chloride or acid bromide; sulfonyl halide, 

30 such as sulfonyl chloride or sulfonyl bromide; tbsytate, mesylate, phtalimido, 

and azido, wherein R 7 and R 10 can be different or the same. 

42. The fluorescent dye compound according to any of claims 40 and 41 wherein 
from 1 to 3 of R 1f R 2 , R 3l R4 are substituted alkyl. 
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43. The fluorescent dye compound according to any of claims 41 and 42. wherein 
Rr and Rio are different. 

44. The fluorescent dye compound according to any of claims 41 and 42, wherein 
R 7 and Ri 0 are the same. 

5 45. The fluorescent dye compound according to claim 12, wherein Y Is SRa. 

46. Tha flunrescant rty« cnmpni inrl nrwirrtino to claim 45. whAroln 7 1$ O rtr IMR 10 

47. The fluorescent dye compound according to claim 45, wherein Z Is O. 

48. The fluorescent dye compound according to claim 45. wherein Z is NR t0 - 

49. The fluorescent dye according to claim 47 t wherein each of R 1( Ra, R* R* is a 
10 substituted or unsubstituted alky}, or Ri and R2 together with the nitrogen to 

which they are attached form a substituted or unsubstituted heterocyclic, or R3 
and R* together with the nitrogen to which they are attached form a substituted 
or unsubstituted heterocyclic,and wherein Ra Is an optionally polymerized sub- 
stituted or unsubstituted monomer selected from the group consisting of sty- 
15 rene, acrylate, (meth)acrylate f hydroxymethyltmethjacrylate, acrylamlde, ace- 

tate, vinylacetate, vlnylether, vlnylpyrrolldone, oxirane, oxetane, oxolane, 
episulfide, thiotane, and cyclic amine. 

50. The fluorescent dye acoordtng to claim 47, wherein each of Ri. Ra, R*. R4 Is a 
substituted or unsubstituted alkyi, or R, and R 2 together with the nitrogen to 

20 which they are attached form a substituted or unsubstituted heterocyclic, or R3 

and Rs together with the nitrogen to which they are attached form a substituted 
or unsubstituted heterocyclic,and wherein Re comprises a reactive moiety se- 
lected from the group consisting of an activated ester, such as N^succinrmidyl 
ester, maleimfde ester, orfluorophenol ester, such as pentafluorophenoi ester; 

25 acid halide, such as acid chloride or acid bromide; sutfonyl halide, such as sul- 

fonyl chloride or sulfonyi bromide; tosylate, mesylate, phtalimldo, and azido. 

51. The fluorescent dye compound according to any of claims 49 and 50. wherein 
from 1 to 3 of R u R21 Ra, R* ere substituted aikyL 

52. The fluorescent dye according to claim 48, wherein each of Ri, R* R3, R* is a 
- 30 substituted or unsubstituted aJkyl, or R t and R2 together with the nitrogen to 
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which they are attached form a substituted or unsubstltuted heterocyclic, or R* 
and together with the nitrogen to which they are attached form a substituted 
or unsubstltuted heterocycficand wherein Re and R10 is independently an op- 
tionally polymerized substituted or unsubstltuted monomer selected from the 
5 group consisting of styrene. acrytate, (meth)acry1ate 4 hy- 

droxymethyl(meth)acrylate, acrylamide, acetate. vlnylacetate, vinylether, vinyl- 
pyrrolidone, oxirane, oxetane, oxolane, episufflde, thlotane, and cyclic amine, 
wheittin Ra and R10 can be different or the same. 

53. The fluorescent dye according to claim 48, wherein each of R,, Ra, R 3 . FU is a 
1 0 substituted or unsubstltuted alky!, or R t and R 2 together with the nitrogen to 

which they are attached form a substituted or unsubstltuted heterocyclic, or R3 
and R4 together with the nitrogen to which they are attached form a substituted 
or unsubstltuted heterocyclicand wherein each of Re and R10 comprises a reao- 
tive moiety selected from the group consisting of an activated ester, such as N- 
15 succinimidyl ester, maleimide ester, or fluoropheno! ester, such as pentafluoro- 

phenol ester; acid halide, such as add chloride or acid bromide; suifonyf hallde, 
such as sulfonyl chloride or sulfonyl bromide; tosylate, mesylate, phtalfmido, 
and aztdo. wherein Ra and Rio can be different or the same. 

54. The fluorescent dye compound according to any of claims 52 and 53, wherein 
20 from 1 to 3 of R u R2. Ra. R* are substituted alky!. 

65. The fluorescent dye compound according to any of claims 52 and 53, wherein 
Ra and Rio are different 

59. The fluorescent dye compound according to any of claims 52 and 53, wherein 
Ra and R i0 are the same. 

25 57. The fluorescent dye compound according to claim 1 2, wherein Y is R3. 

58. The fluorescent dye compound according to claim 57, wherein Z is O or NR10. 

59. The fluorescent dye compound according to claim 57, wherein Z Is O. 

60. The fluorescent dye compound according to claim 57, wherein Z is NR10. 

61 . The fluorescent dye according to claim 59, wherein each of R u R 2 , R* R* Is a 
" 30 substituted or unsubstltuted alkyl. or R, end R 2 together with the nitrogen to 
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which they are attached form a substituted or unsubstituted heterocyclic or Ra 
and R4 together with the nitrogen to which they are attached form a substituted 
or unsubstituted heterocycllc.and wherein R B Is an optionally polymerized sub- 
stituted or unsubstituted monomer selected from the group consisting of sty- 
5 rene, acrylate. (mettyacrylate, hydroxymethyl(meth)acrylate, acrylamide. ace- 

tate, vinylacetate, vinylether, vlnylpyrrolldone, oxlrane, cxetane, oxolane, 
episulfide, thiotane, and cyclic amine. 

62. The fluorescent dye according to claim 59, wherein each of R 1p Rj. R?, R* Is a 
substituted or unsubstituted aikyt, or R, and together with the nitrogen to 

10 which they are attached foim a substituted or unsubstituted heterocyclic, or R^ 

and R4 together with the nitrogen to which they are attached form a substituted 
or unsubstituted heterocycllc,and wherein Rg comprises a reactive moiety se- 
lected from the group consisting of an activated ester, such as N-succinlmidyl 
ester, rnaleimlde ester, or fluorophenol ester, such as pentafluorophenoJ ester; 

15 acid halide, such as acid chloride or acid bromide; suifonyl halide, such as sul- 

fonyl chloride or suifonyl bromide; tosylate, mesylate, phtalimldo, and azido. 

63. The fluorescent dye compound according to any of claims 61 and 62, wherein 
from 1 to 3 of Ri, R2, Ra. R4 are substituted alkyL 

64. The fluorescent dye according to claim 60, wherein each of Ri, R*, Ra, R4 is a 
20 substituted or unsubstituted alkyl, or Ri and R* together with the nitrogen to 

which they are attached form a substituted or unsubstituted heterocyclic, or R 3 
and R4 together with the nitrogen to which they are attached form a substituted 
or unsubstituted heterocydicand wherein R 9 and R* a is independently an op- 
tionally polymerized substituted or unsubstituted monqmer selected from the 
25 group consisting of styrene, acrylate. (meth)acrylate, hy- 

droxymethyl(meth)acrylate, acrylamlde, acetate, vinylacetate, vinylether, vinyl- 
pyrrolidone, oxlrane, oxetane, oxolane, episulfide, thiotane, and cyclic amine, 
wherein R D and Ri Q can be different or the same. 

65. The fluorescent dye according to claim 60, wherein each of R tl R 2 , R3, R* is a 
30 . substituted or unsubstituted alkyl, or R, and R 2 together with the nitrogen to 

which they are attached form a substituted or unsubstituted heterocyclic, or R3 
* and Ra together with the nitrogen to which they are attached form a substituted 
or unsubstituted heterocydicand wherein each of R9 and R10 comprises a reao 



tive moiety selected from the group consisting of an activated ester, such as N* 
succinimidyl ester, maleimlde ester, or fluorophenol ester, such as pentafluoro- 
phenol' ester; acid halide, such as add chloride or acid bromide; sulfonyl hallde, 
such as sulfonyl chloride or sulfonyl bromide; tosylate, mesylate, phta!imldd v 



66. The fluorescent dye compound according to any of claims 64 and 65, wherein 
from 1 to 3 of R,, Ra. R* R* are substituted alkyl. 

67. The fluorescent dye compound according to any of claims 64 and 65, wherein 
Rg and Rio are different. 

1 0 68. The fluorescent dye compound according to any of claims 64 and 65, wherein 
Re and Rio are the same. 

69. The fluorescent dye according to any of claims 1 to 66, wherein the alkyl Is a 
lower alkyl. 

70. A fluorescent dye compound comprising the structure 



5 



and azido, wherein R 9 and R* can be different or the same. 



15 



R4R3N, 




NR1R2 



wherein X 1# X3, Xg, X 7 . X* and X« are independently H, CI or F; 



wherein Y Is selected from the group consisting of H f CI, F, NR$R B , OR 7 , SRa, 
and R 9 ; 
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wherein Z is O or NR 10> and 

wherein substituents Ri to R 10 are preferably selected Independently from the 
group consisting of: 

hydrtdo. 

substituted and unsubstituted alkyl, substituted and unsubstituted haloalkyl. 
substituted and unsubstituted hydroxyalkyl, substituted and unsubstituted a(- 
kylsulfonyl, 

substituted and unsubstituted alkenyl, 
halo, 

substituted and unsubstituted alkoxy, substituted and unsubstituted alkoxyalkyl. 
substituted and unsubstituted haloalkoxy, substituted and unsubstituted halo- 
alkoxyalkyl, 

substituted and unsubstituted aiyl, 
• substituted and unsubstituted heterocyclic, 
substituted and unsubstituted heteroaryl, 

sulfonyl, substituted and unsubstituted aikytsulfonyl, substituted and unsubsti- 
tuted arylsulfonyl, sulfamyl. sulfonamide, aminosulfonyl. substituted and un- 
substituted N-alkylaminosulfonyl. substituted and unsubstituted N- 
aryiaminosuifonyl, substituted and unsubstituted N.N-dialkylaminosulfbnyl, 
substituted and unsubstituted N-alkyl-N-arylaminosulfonyl, substituted and un- 
substituted N-alkylamlnosutfonyl, substituted and unsubstituted N.N- 
dialkylaminosulfonyl, substituted and unsubstituted N-aiylaminosulfbnyl, sub- 
* stituted and unsubstituted N-alkyl-N-aryiaminosulfonyl, 

carboxy, substituted and unsubstituted carboxyalkyi, 
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carfaonyl, substituted and unsubstituted alkylcarhonyl, substituted and unsub- 
stituted aikylcarbonytalkyl, 

substituted and unsubstituted alkoxycarbonyl, substituted and unsubstituted 
5 alkoxycarbonylalkyl, 

amlnocarbonyl, substituted and unsubstituted amlnocarbonylalkyl, substituted 
and unsubstituted N alkylaminocarbonyl, substituted end unsubstituted N- 
arylamlnocarbonyl. substituted and unsubstituted N,N-dia!kylaminocarbonyl. 

10 substituted and unsubstituted N-alkyi-N-arytamlnocarbonyl, substituted and un- 

substituted N^feyl-N^ydroxyaminocarfoonyl. substituted and unsubstituted N- 
aikyl-N-hydroxyamlnocarbonylaikyl, substituted and unsubstituted N- 
alkylamlnocarbonyl, substituted and unsubstituted N.N-dlalkylaminocarbonyl. 
substituted and unsubstituted N-arylaminocarbonyl. substituted and unsubsti- 

15 tuted N-aikyl-N-arylaminocarbonyl, substituted and unsubstituted aminocar- 

bonyiaikyl, substituted and unsubstituted N-cycloalkylamlnocarbonyl, 

substituted and unsubstituted aminoaikyl, substituted and unsubstituted al- 
kyiaminoalkyl, 

20 

amidino. 
cyanoamidino, 

25 substituted and unsubstituted heterocyclicalkyl, 

substituted and unsubstituted aralkyl, 
substituted and unsubstituted cydoalkyi. 

30 

substituted and unsubstituted cycloaikenyl, 
substituted and unsubstituted alkytthio, 
35 substituted and unsubstituted alkylsulfinyl, 



A/ O 
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substituted and unsubstituted N-aikylamlno, substituted and unsubstituted N,N~ 
dlalkylamino, 

5 substituted and unsubstituted arylamlno, substituted and unsubstituted aral- 

kylamino. substituted and unsubstituted N-alkyl-N-arylamino, substituted and 
unsubstituted N-aralkyl-N-alkylamino, substituted and unsubstituted N- 
arylaminualkyl, substituted and unsubstituted N-aralkyiamlnoalkyl, substituted 
and unsubstituted N^alkyl-N-arytamtnoalkyt, substituted and unsubstituted N- 

1 0 aralkyl-N-alkylaminoalkyl , 

ecyl, acylamino, 

substituted and unsubstituted arylthio, substituted and unsubstituted aral- 
15 kylthio, 

substituted and unsubstituted aryloxy, substituted and unsubstituted aralkoxy, 

substituted and unsubstituted haloaralkyl. 

substituted and unsubstituted carboxyhaloalkyl, 



20 



substituted and unsubstituted alkoxycarbonylhaloalkyl, substituted and unsub- 
stituted amlnocarbonylhaloalkyl, substituted and unsubstituted alkylamlnocar- 
25 bonylfialoalkyf. 

substituted and unsubstituted alkoxycarbonylcyanoalkenyl, 

substituted and unsubstituted carboxyalkylamlnocarbonyl. 

30 

substituted and unsubstituted aralkoxycarbonylalkylaminocarbony!, 



substitutedand unsubstituted cycloalkytelkyl, and 
substituted and unsubstituted aralkenyl, 
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wherein at least one af said substftuents R1 to RIO comprises 



a) one or more reactive groups selected from the group consisting of vinyl, allyl, 
S hydroxy, primary amine, secondary amine, carboxy, carbonyl, nitro, cyano, iso- ■ 

thiocyanate, halogen, phosphonyl. sulphonate. sulphonyl, sulfamyl, and thiolyl. 
or 



b) one or more reactive moieties selected from the group consisting of an actl- 

1 0 vated ester, such as N-succinimidyl ester, maleimlde ester, or fluorophenol es- 

ter. Including pentafluorophenol ester; acid hallde, such as acid chloride or acid 
bromide; sulfonyl hallde, such as sulfonyl chloride or sulfonyl bromide; tosylate, 
mesylate, phtalimido, azldo, an optionally polymerized substituted orunsubsti- 
tuted styrene, an optionally polymerized substituted or unsubstituted acrylate, 

15 an optionally polymerized substituted or unsubstituted (meth)acryfate, an op- 

tionally polymerized substituted or unsubstituted hydroxymethyl(meth)acrylate; 
an optionally polymerized substituted or unsubstituted acrytamide, an optionally 
polymerized substituted or unsubstituted acetate, an optionally polymerized 
substituted or unsubstituted vlnylacetate; an optionally polymerized substituted 

20 or unsubstituted vinylether, an optionally polymerized substituted or unsubsti- 

tuted vinylpyrrolidone, an optionally polymerized substituted or unsubstituted 
oxirane; an optionally polymerized substituted or unsubstituted oxetane. an op- 
tionally polymerized substituted or unsubstituted oxolane; an optionally polym- 
erized substituted or unsubstituted episulfide; an optionally polymerized substi- 

25 tuted or unsubstituted thiotane; and an optionally polymerized substituted or un- 

substituted cyclic amine, 

with the proviso that Ri to Ra are not all Identical linear alkyls when Y Is NRsRe 
and Z is p, and that Ri and R 2 are not both ethyl when NR3R4 and NR$Re both 
30 constitute a morpholinyl ring. 

71. The fluorescent dye compound according to dalm 70, wherein Xt. Xa, Xs. X 7 , X* 
and X11 are all H. 

72. The fluorescent dye compound according to claim 70, wherein X u X3, X 5l X r , X D , 
" 35 and X 1t are ail CI. 
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73. The fluorescent dye compound according to claim 70, wherein Xi, X3, X$, X Tt X fl , 
and Xn are ad F. 

74. The fluorescent dye compound according to any of claims 70 to 73 r wherein Y 
is selected from H, CI, and F. 

5 75. The fluorescent dye compound according to claims 74, wherein Y is H. 

76. The fluorescent dye compound according to claims 74 t wherein Y la d. 

77. The fluorescent dye compound according to claim 74, wherein Y te F. 

78. The fluorescent dye compound according to any of claims 70 to 73, wherein Y 
is selected from the group consisting of NRgR* OR 7 , SR* and R9. 

10 79. The fluorescent dye compound according to claim 78, wherein Y is NR5R0. 

80. The fluorescent dye compound according to claim 78, wherein Y is OR 7 . 

81. The fluorescent dye compound according to claim 78. wherein Y is SRa. 

82. The fluorescent dye compound according to claim 78. wherein Y is Rg. 

83. The fluorescent dye compound according to claim 78, wherein Y comprises a 
1 5 reactive group capable of undergoing polymerization. 

84. The fluorescent dye compound according to claim 83, wherein the reactive 
group is selected from the group consisting of vinyl, acrylate, methacrylate, ae- 
rylamlde. methyl oxethane, ethyl oxethane, and ethylene oxide. 

85. The fluorescent dye compound according to claim 78. wherein Y is a linker ca- 
20 pable of linking the dye compound to a polymer matrix. 

86. The fluorescent dye compound according to any of claims 78 and 85, wherein Y 
is selected from the group consisting of carboxylto acid, benzylic acid, N- 
euccinimidyl ester, acid chloride, pentafluorophenol ester, tosylate, mesylate, 
halide, primary amine, suHbnyl chloride, Isothlocyanate, maleimide, and thiol* 

25 87. The fluorescent dye compound according to any of claims 74 to 86, wherein Z is 
OorNRio- 
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88. The fluorescent dye compound according to claim 87, wherein Z is O. 

89. The fluorescent dye compound according to claim 87. wherein Z is NR 10 . 

90. The fluorescent dye compound according to any of claims 74 to 89, wherein Ri 
to Rio are independently 

5 hydrido, 

substituted and unsubstltuted alkyl, substituted and unsubstltuted haloalkyl, 
substituted and unsubstltuted hydroxyalkyl, substituted and unsubstituted alkyl- 
sulforxyi. 

10 

substituted and unsubstituted alkenyl. 



halo, 



16 substituted and unsubstituted alkoxy, substituted and unsubstltuted alkoxyalkyl, 

substituted and unsubstltuted haloalkoxy, substituted and unsubstituted halo- 
alkoxyalkyl, 



20 



substituted and unsubstituted aryl, 
substituted and unsubstituted heterocyclic, 



substituted and unsubstituted heteroaryl, 

» 

25 sulfonyl, substituted and unsubstituted alkylsulfonyt, substituted and unsubsti- 

tuted arylaulfonyt, sulfamyl, sulfonamidyl, amlnosulfonyl, substituted and unsub- 
stituted N-alkylamlnosulfonyl, substituted and unsubstituted N~ 
arylaminosulfonyl, substituted and unsubstituted N.N-dtalkylamlnosulfonyl, sub- 
stituted and unsubstituted N-alkyl-N-arylamfnosulfonyl. substituted and unsub- 

30 stttuted N-alkylaminosulfonyl, substituted and unsubstituted N,N- 

dtalkylaminosulfonyl. substituted and unsubstituted N-arylaminosulfonyl, sub- 
stituted and unsubstituted N-alkyJ-N*arylamlnosu!fonyl, 



5 



SO 

carfooxy, substituted and unsubstituted carboxyalkyl, 

cartoonyt. substituted and unsubstituted alkylcarbonyl, substituted and unsub- 
stituted alkylcarbonylalkyl, 

substituted and unsubstituted alkoxycarbonyi, substituted and unsubstituted 
alkoxycarbonyfalkyl, 

aminocarbonyl, substituted and unsubstituted aminocarbonylalkyl, substituted 
10 and unsubstituted N-alkyiaminocarbonyl, substituted and unsubstituted N- 

arylaminocarbonyl, substituted and unsubstituted N.N-dialkylaminocarbonyl, 
substituted and unsubstituted N-alkyl-N-arylaminocarbonyl, substituted and un- 
substituted N-alkyi-N-hydroxyaminocarbonyl, substituted and unsubstituted N- 
alkyl-N-hydroxyaminocarbonylaikyl, substituted and unsubstituted N- 
15 alkylaminocarbonyl, substituted and unsubstituted N.N-rtlalkylaminocarbonyl, 

substituted and unsubstituted N-arylaminocarbonyl, substituted and unsubsti- 
tuted N-alkyl-N-arytamlnocarbonyl, substituted and unsubstituted aminocar- 
bonylalkyl. substituted and unsubstituted N-cycloalkylaminocarbonyl, 

20 substituted and unsubstituted amlnoaikyl, substituted and unsubstituted alkyla- 

mlnoalkyl, 

amidino, 

25 cyanoamidino, 

substituted and unsubstituted heterocyclicalkyl 

substituted and unsubstituted aralkyl, 

substituted and unsubstituted cycloalkyl, 

substituted and unsubstituted cycloalkenyl, 

substituted and unsubstituted alkylthio, 



30 
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substituted and unsubstituted alkylsuffinyl. 

substituted and unsubstituted N-alkylamlno. substituted and unsubstituted N,N- 
5 dialkylamlno, 

substituted and unsubstituted arylamino, substituted and unsubstituted aral- 
Kylamino. substituted and unsubstituted NsalKyl-N-aiylamlno. substituted and 
unsubstituted N-aralkyl-N-alkylamino, substituted and unsubstituted N- 
10 arylaminoalkyl, substituted and unsubstituted N-aralkyiaminoalkyl, substituted 

and unsubstituted N-alkyl-N-aiylaminoalkyl, substituted and unsubstituted N- 
aralkyl-N-aikylaminoalkyl, 



15 



acyl, acylamino, 

substituted and unsubstituted arylthio, substituted and unsubstituted aralkylthio. 
substituted and unsubstituted aryloxy. substituted and unsubstituted aralkoxy, 
20 substituted and unsubstituted haloaralkyl, 

substituted and unsubstituted carboxyhaloalkyl. 

substituted and unsubstituted alkoxycarbonylhaloalkyi, substituted and unsub- 
25 stituted aminocarbonylhaloalkyl, substituted and unsubstituted alkylamlnocar- 

bonylhaloalkyl, 

substituted and unsubstituted alkoxycarbonylcyanoalkenyl, 
30 substituted and unsubstituted carboxyalkylaminocarbonyl, 

substituted and unsubstituted aralkoxycarbonylaikylaminocarbonyl, 



substituted and unsubstituted cycloalkylalkyl. or 

35 
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substituted and unsubstttuted aralkenyt. 

91. Method for producing a polymer matrix comprising a fluorescent dye. said 
method comprising the steps of providing a monomer or a polymer matrix .and 

5 reacting the fluorescent dye compound according to any of claims 1 to 90, or a 

precursor thereof, with the monomer or polymer matrix, and optionally reacting 
the fluorescent dye compound precursor to obtain the fluorescent dye com- 
pound, and further optionally polymerizing the monomers to obtain a polymer 
matrix. 

10 

92. Use of the fluorescent dye compound according to any of claims 1 to 90 for 
visualising a beaded polymer matrix. 

93. Use of the fluorescent dye compound according to any of claims 1 to 90 in the 
1 5 synthesis of a beaded polymer matrix. 

94. An encoded beaded or granulated polymer matrix for solid phase synthesis 
comprising beads or granules each comprising a plurality of spatially immobi- 
lised particles or vacuoles, wherein each particle or vacuole comprises at least 

20 one fluorescent dye compound according to any of claims 1 to 90, wherein each 

particle or vacuole Is Individually detectable. 
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